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Development of Clean Coal Technology 


Development Efforts To Utilize Coal 


43070110A Tokyo JAPAN 21ST in English 
1 May 94 p 52 


[Article by Takuki Murayama, Director for Energy Con- 
version and Utilization, New Sunshine Project Office, 
Agency of Industrial Science and Technology] 


[Text] Responding to the international awareness of global 
environmental problems, MITI has started the “New Sun- 
shine Programme” FY1993 to promote energy and envi- 
ronmental R&D in a more comprehensive and 
strengthening way. Total budget allocated to this pro- 
gramme is ¥ 523 billion in FY1993. With regard to the 
fiscal year of 1994, despite budget constraints due to 
sluggish economic growth, ¥ 528 billion is secured for this 
New Sunshine Program. Among this, the budget for R&D 
on coal-related technology accounts for nearly one-third of 
the total. 


Coal accounts for about 30 percent of the world’s total 
energy supply at present and will remain an important 
primary energy source well into the next century. In 
particular, a ready supply of inexpensive primary energy is 
essential for the world economies, including developing 
countries, to continue growing. Inexpensiveness, abun- 
dance and world-wide distribution of coal energy are the 
advantageous points of coal. On the other hand, coal is 
generally supposed to be disadvantageous in terms of 
environmental protection because primitive coal combus- 
tion results in SO, and NO, emissions together with large 
amounts of CO, emissions. From this point of view, the 
Japanese Government 1s promoting research and develop- 
ment on coal technologies which enable efficient, eco- 
nomic, and environment-friendly use of coal energy. 


Coal Liquefaction Technology 


As for bituminous coal liquefaction, we are developing the 
NEDOL process which combines three different processes 
of direct hydroliquefaction, solvent extraction and solvol- 
ysis. And we are now in the stage of constructing a 150 
tons/day pilot plant at Kashima to be completed in 1996. 
At the end of FY 1993, the rate of completion has reached 
about 50 percent, and is scheduled to be completed in 
FY1996. R&D activities have been carried out at various 
institutes and organizations to support this construction of 
a pilot plant, including the operation of Process Support 
Unit of | ton per day. 


The operation of the brown coal liquefaction pilot plant 
was successfully completed in 1990 and the analysis of the 
obtained data and follow-up studies are now under way. 
The Special Committee of the Industrial Technology 
Council has now been assessing the R&D on pilot plants, 
and will be making the final report this summer. 


Coal Gasification Technology 


As for coal gasification, we are developing combined 
power generation technology and coal-based hydrogen 
production technology. As for the latter, we are developing 
the oxygen-brown one-chamber and two-stage spiral flow 
gasification system to produce a large amount of hydrogen 
economically from coal with a 50 tons/day pilot plant. As 


was Often the case for R&D at the pilot stage, we have 
encountered many difficulties, for example slugging, how- 
ever, we finally have attained one of the most important 
goals of continuous operation of long hours for more than 
1000 hours. For the fiscal year of 1994, the plant will be 
dem vlished and the final assessment of the R&D would be 
completed. 


Developing PFBC Boiler Compound Power 
Generation Technology 


43070110B Tokyo JAPAN 21ST in English 
1 May 94 p 53 


[Article by Masaki Hirano, Director, Energy Technology 
Promotion Office, Public Uti’ ities Department, Agency of 
Natural Resources and Energy, MITI]} 


[Text] 


1. Significance of Pressurized Fluidized Bed 
Combustion Boiler (PFBC) Electric Power Generation 
Technology 


Coal is one of the promising energy resources for Japan, 
which depends on overseas supplies for 80 percent of 
energy consumed in the country, for coal deposits are 
found in abundance across the earth and it can be supplied 
from countries with relatively stable political situations. 
However, the problem of the higher environmental load of 
coal compared with other fuels must first be solved for 
full-scale utilization of coal. 


Atmospheric pollution with SO, and NO,, which caused a 
serious environmental problem in the past, is being over- 
come through the progress and positive application of 
technology. But further improvement of performance and 
greater compactness of emission treating equipment is 
indispensable in Japan with its high population density. 
Cost reduction is also an important task. 


Attention was focused recently on the problem of global 
warming due to CO,. Already 50 countries have ratified a 
meteorological treaty concerning this problem as of 
December 1993. The treaty came into force in March of 
this year and each country is to submit its action program 
by September. Since the CO, emission from coal is larger 
than that of other fossil fuels per unit calorie, higher 
thermal efficiency is indispensable for the expanded 
utilization of coal. 


PFBC boiler compound electric power generation has 
come to the foreground as a new technology capable of 
fulfilling this task. 


2. Characteristics of PFBC Compound Electric Power 
Generation Technology 


PFBC compound electric power generation has the 
following outstanding features: 


a) High power generation efficiency: 


Compound electric power generation using pressurized 
fluidized bed combustion achieves high power genera- 
tion efficiency because it permits simultaneous electric 
power generation with the gas turbine driven by the 
combustion gas and with the steam turbine by housing 
the fluidized bed boiler in a pressurized container. 
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Since the motive power for pulverized coal equipment, 
large ventilating fan and smoke desulfurizing equipment 
are dispensed with, the power generation efficiency at the 
power transmission terminal can be raised to 40-42 
percent, about 10 points higher than a conventional 
thermal power plant using pulverized coal equipment. 


b) Environment-friendly power generation: 


Desulfurization inside the furnace has become possible 
by applying desulfurizing agents including lime as a 
fluidized bed medium. A relatively low combustion 
temperature inside the boiler (about 860°C) keeps the 
generation of NO, to a minimum. 


This technology also leads to reduced production of CO,, 
through improved electric power generation efficiency. 


c) Compact equipment: 


Appreciable miniaturization of the boiler volume per unit 
Output capacity becomes possible through pressurized 
combustion. The absence of the desulfurizing unit peri its 
further reduction of the plant space compared witl: a 
conventional thermal power plant using pulverized coal 
equipment. 


It is not easy to secure a sufficient plant space, especially in 
Japan with its limited area and high population density. 
We must attain as high a power generation capacity as 
possible in a limited space when we carry out a scrap- 
and-build operation of the existing equipment. More com- 
pact equipment is essential under these circumstances. 


d) Reduced power generation cost: 


The reduction of power generation cost is awaited 
through higher efficiency of the thermal power plant. 


3. Present Situation of the Technological Development 
and the Electric Power Development Program 


(1) Present situation of technological development 


With the assistance of the Ministry of International Trade 
and Industry, Electric Power Development Co., Ltd. is 
conducting test operations of a demonstration plant 
(steam turbine output: 56.2MW; gas turbine output: 
14.8MW) at its Wakamatsu Coal Utilization Technology 
Research Station. 


The demonstration tests, to be continued until 1996, 
are aimed at obtaining technical data on combustion 
characteristics (adaptability to different coal types), 
environmental characteristics, maintenance and other 
operation factors. The total project costs are estimated 
at about ¥ 24,000 million (Figure 1). 





FY 1990] 1991] 1992] 1993] 1994] 1995] 1996 





Design 
Equipment —_ 
manufacture 
Installation and 
adjustment 
Demonstration and 
evaluation tests | 
Figure 1. Demonstration Test Schedule for PFBC Compound 
Electric Power Generation 
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(2) Present situation of the electric power development 
program 


Electric power companies in Japan are drawing up a 
plan to build the first PFBC compound electric power 
generation plant on a practical level by utilizing the 
results of the demonstration tests. 


For example, the Hokkaido Electric Power Co., Inc., is 
constructing an 85MW power plant to start operation in 
1996. The Chugoku Electric Power Co., Inc., and 
K yushu Electric Power Co., Inc., are planning to build a 
250MW and a 350MW power plant, respectively, to 
start operation in 1999 and 1997. We are awaiting the 
smooth implementation of this power development 


program. 


NEDO’s New Coal Energy Projects 


43070110C Tokyo JAPAN 21ST in English 
1 May 94 pp 54-55 


[Article by Shigeru Ueda, Director General, Clean Coal 
Technology Center, New Energy and Industrial Technology 
Development Organization (NEDO)] 


[Text] 


i. Energy Situation in Japan 


Energy consumption in Japan accounts for 5 percent of 
total consumption in the world, and about 58 percent of 
the energy sources is petroleum and 17 percent is coal. 
Some 85 percent of energy sources must be imported from 
foreign countries. In particular, Japan depends almost 
entirely on import for the supply of petroleum. 


In recent years Japan kh ~ positively promoted the econo- 
mizing of energy and the development of non-petroleum 
energy sources. However, the country’s energy supply 
structure is still unstable with too heavy dependence on 
petroleum. 


For the meantime, it is estimated that the entire petroleum 
resources of the world will be exhausted in only 50 years if 
the present rate of consumption is unchanged. However, 
the expansion of the world economy will inevitably bring 
about an increase of consumption of petroleum in the 
future, so that the demand and supply of petroleum will 
probably reach a critical stage in the 21st century. 


Coal has suddenly come into the limelight as an alternative 
energy resource. Exploitable coal deposits in the world are 
estimated to come to eight times those of petroleum. 
Moreover, coal deposits are ubiquitous in the world. 
Hence, coal may become a more stable energy supply in 
the future, instead of petroleum. 


As mentioned above, Japan is carrying out various devel- 
opment projects aimed at energy economizing and non- 
petroleum energy technology. The increased consumption 
of coal, however, necessitates an adequate approach to 
global environmental problems. 


The New Energy and Industrial Technology Development 
Organization (NEDO) is working on the development of 
coal conversion and utilization technologies as “clean coal 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 

















JPRS-JST-94-021 
1 August 1994 


technologies” in the framework of the New Sunshine 
Project sponsored by the Agency of Industrial Science and 
Technology. 


2. NEDO’s Development of Coal Conversion and 
Utilization Technologies 


NEDO is undertaking the development of coal liquefaction 
and gasification as a part of coal conversion and utilization 
technologies which does not seem to be developed effi- 
ciently by private companies alone owing to long lead time 
and huge development costs. Following are the main 
projects pursued by NEDO under the Sunshine Project. 


(1) Coal Liquefaction Projects: 

1) Brown Coal Liquefaction Project 

2) Bituminous Coal Liquefaction Project 
(2) Coal Gasification Projects: 


3) Development of Coal-Based Hydrogen Production 
Technology 


4) Integrated Coal Gasification Combined Cycle 
Power Generation Technology 


(1) Coal Liquefaction Pr ject 
This project has the following features: 


¢ Securing a stable supply of liquid fuel supplementing 
petroleum; 

¢« Enhancement of Japan’s national security through the 
diversification of energy sources; 

¢ Japan’s pursuance of international obligations as a 
country consuming a large volume of energy; devel- 
opment of peiroleum-alternative energy; more stabi- 
lized international demand and supply of energy; 

¢ Contribution to the protection of the global environ- 
ment through desulfurization, dust removal and 
reduction of the load on the environment through the 
use of liquid fuel; 

¢ Effective utilization of untapped coal resources by 
promoting the utilization of low-grade coal which has 
not been exploited much in the past. 


The coz! liquefaction process has the main purpose of 
manufacturing transportable fuel (gasoline, etc.) as fuel 
supplementing petroleum, whose consumption is expected 
to grow in the future. Coal-liquefied oil as light medium- 
grade oil permits simple incorporation into the existing 
infrastructure of oil refining and transport, dispensing with 
a new infrastructure or a new technology for automobiles. 
Hence, the development of this process is very effective as a 
petroleum-alternative energy technology. 


NEDO is engaged at present in the development of two 
direct coal liquefaction processes comprising brown coal 
liquefaction and bituminous coal liquefaction as well as the 
development of technology as a common basis for these 
processes. 


1) Brown Coal Liquefaction (BCL Process) 


This project is aimed at establishing the technology for 
conversion into liquid fuel and effective utilization of brown 
coal abundantly available in Victoria State, Australia. 


The brown coal in Victoria State is unsuitable for transport 
and storage as it tends to cause spontaneous combustion 
when dried. Hence, it was not regarded as a trade mer- 
chandise and was used only as fuel in local power plants. 
The state government of Victoria has asked for Japan’s 
assistance in research on the effective utilization of brown 
coal. The 3rd Australian-Japanese Energy R&D Consulta- 
tion in 1979 reached an agreement for joint development 
of brown coal liquefaction technology by Japan and Aus- 
tralia. The project was started in 1981 when NEDO 
commissioned the research and development to NBCL 
(Nippon Brown Coal Liquefaction Co., Ltd.) under the 
Sunshine Project. 


The pilot plant with a coal processing capacity of 50 
tons/day (dry coal equivalent) was built in Morwell, Vic- 
toria State, Australia, and started test operation in 1985. It 
achieved all initial research targets including the liquefac- 
tion yield of 52 wt%maf and continuous operation of 1,724 
hours. The test operation was successfully concluded in 
October 1990, and the research data have been evaluated 
at present. 


The results achieved through this project are of great 
significance not only for the establishment of an advanced 
technology but also as a contribution to the improvement 
of the world energy situation. 


2) Bituminous Coal Liquefaction (NEDOL Project) 


The development of bituminous coal liquefaction tech- 
nology is aimed at the establishment of technology for 
economical conversion of a wide range of coals from 
bituminous coal to sub-bituminous coal into petroleum- 
like liquid fuel. 


The project started in 1975 with basic research under the 
Sunshine Project. R&D was composed of the direct hydra- 
tion process, the solvent extraction process and the solvol- 
ysis process. They were un:fied in 1983 as the NEDOL 
process, which was investigated in a pilot plant. 


Features of NEDOL process: 


¢ It is applicable to a wide range of coals from bituminous 
coal to sub-bituminous coal; 

¢ The process features a relatively mild reaction and pro- 
duces light medium-grade oil with high liquefaction yield; 

¢ Both hydrogenated donor solvent and high activity iron 
catalyst achieve liquefaction under mild conditions. 


Summary of research and development: 


e Capacity of the pilot plant: 150 tons of coal/day; 
¢ R&D period: until 1998; 
e Plant site: Kashima-cho, Ibaraki Pref. 


The pilot plant is now under construction and is slated to 
be completed in the middle of 1996. The construction has 


progressed to about 40 percent. 


Various basic data have been collected with a process 
support unit of | ton/day in order to support research and 
development prior to the construction and operation of the 
pilot plant. 
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3) Coal-Based Hydrogen Production Technology (HYCOL 
Project) 


This project is aimed at R&D of technology for inexpen- 
sive and stabilized supply of hydrogen as multi-purpose 
and clean petroleum-alternative energy obtained from 
coal. NEDO started basic research on the development of 
a multi-purpose coal gasification furnace in 1983. The goal 
of this development project is to develop the coal gasifica- 
tion furnace which has the following outstanding features 
when compared with similar systems: 


¢ Oxygen-blown one-chamber and two-stage spiral flow 
gasification system enables the achievement of higher 
gasification efficiency; 

e Dry coal feed system features higher thermal effi- 
ciency and yield rate of produced gas; 

e Miulti-burner system has higher volume efficiency and 
permits easy size enlargement; 

e Slag self-coating system achieves longer service life of 
furnace walls. 


The pilot plant for this project was constructed in 1990 
with a coal processing capacity of 50 tons/day. The con- 
tinuous operation of 1249 hours was established in Jan- 
uary 1994. The project is slated to be successfully 
completed during FY 1994. 


4) Integrated Coal Gasification Combined Cycle Power 
Generation (IGCC Project) 


NEDO inaugurated in 1986 the project of developing an 
IGCC plant for effective utilization of coal for electric 
power generation in view of the abundance of coal deposits 
in the world. The operation research envisages the estab- 
lishment of technology for an IGCC plant with an output 
of over 250MW per unit and with power transmission 
efficiency of over 43 percent by utilizing higher perfor- 
mance of this plant in thermal efficiency, environment 
compatibility, cost performance and reliability compared 
with conventional power plants burning pulverized coal. A 
pilot plant with the capacity of 200 tons/day was con- 
structed in Iwaki, Fukushima Pref., under this project and 
operational research is now underway. 


Hydrogen-from-Coal Process Development 


43070110D Tokyo JAPAN 21ST in English 
1 May 94 pp 56-57 


[Text] 
Introduction 


The development of a process to manufacture hydrogen 
from coal is aimed at establishing a technology enabling 
inexpensive and stabilized supplies of a large volume of 
hydrogen and synthesized gas as clean non-petroleum 
energy by utilizing coal which is abundantly and impar- 
tially distributed all over the world. We are conducting 
research on oxygen blown jet-type coal gasification which 
is to constitute the nucleus of this technology. 


Outline of Research and Development 
1. Promotion Program of R&D 


Research Association for Hydrogen-from-Coal Process 
Development, HYCOL, the executor of this development 
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program, was established in 1986 and is composed of nine 
private-sector companies: Idemitsu Kosan, Osaka Gas Co.., 
Ltd., Electric Power Development Co., Ltd., Tokyo Gas 
Co., Ltd., Toho Gas Co., Ltd., Nikko Kyoseki (at present 
Japan Energy), Nippon Steel Corp., Hitachi, Ltd. and 
Mitsui SCR Development Co., Ltd. The association is 
engaged in the development of Japan’s unique coal gasifi- 
cation technology as a project commissioned by the New 
Energy and Industrial Technology Development Organiza- 
tion (NEDO) in the framework of the Sunshine Project led 
by the Agency of Industrial Science and Technology by 
mobilizing the technical power of government and private 
circles. 


2. Tasks and Targets of R&D 


The R&D tasks for the pilot plant are divided into (1) 
demonstration of the process, (2) confirmation and 
improvement of process performance including gasifica- 
tion efficiency, (3) confirmation and improvement of 
process reliability, (4) expanded repertory of utilized coal 
types, (5) acquisition of scaling-up data and (6) approach 
to environmental problems. The targets of the research 
program are enumerated as follows: 


Carbon conversion ratio: Above 98 percent 

Cold gas efficiency: Above 78 percent 
Continuous operation time: Longer than 1,000hr 
Pressure: 30 kg/cm’g 


3. R&D program 


The design, construction and test runs of the entire pilot 
plant are to be carried out over a period of eight years. The 
supporting research is conducted in parallel with research 
on the pilot plant. 

Outline of the Pilot Plant 

1. Outiine of the pilot plant: 


Basic specifications and flow chart of the pilot plant are 
shown in Figure 1. 


2. Characteristics of the HYCOL process: 


Figure 2 is a schematic diagram of the gasification 
furnace, which constitutes the nucleus of the HYCOL 
process. This furnace has the following characteristics: 


(1) Oxygen blown one-chamber, two-stage spiral flow 
system: 


This system permits the processing of coal at high 
temperature, thereby improving the gasification 
efficiency and expanding utilizable coal types. 


(2) Dry type coal feeding: 


It leads to improved thermal efficiency and yield 
rate of product gas. 


(3) Multi-burner system: 


This system easily lends itself to higher volume 
efficiency and larger equipment size. 


(4) Self-coating of water-cooled walls: 


This method leads to longer service life and 
enhanced reliability of refractory walls. 
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Figure 1. Flow Chart of the Pilot Plant 
(5) Char recycling: FY1993. Test runs and operation resc-arch on five items 


Non-reacting char is collected with a cyclone and fed (10 runs in all) were carried out. 


back to the gasification furnace in a state of high 2. Results of the operation research up to now 


temperature and pressure, whereby the gasification Ni : . 
‘ ne runs were conducted from FY 1991 to FY 1993 (inchi!- 
efficiency ts markedly enhanced. ing test runs and continuous operation for | ,000 hours) wick 


(6) Environment compatibility: results as shown in Table |. Main improvements are shown 


The gasification of coal taking place in reduced '™ Table 2. 


atmosphere prevents the generation of NO,. The 


sulfur content is recovered as hydrogen sulfide. Table 1. Development Results Concerning Design Concept 
Ashes are recovered as molten slag for later reuse. 














Item Development results 
.) Product gas Gasification reaction (1) Gasification operation carried out at 
J 10 kg/cm“g and 30 kg/cm 
(2) Formation of one-chamber, two-stage 
rr | od ay pin 
= and lower stage; 
aa eaneeny eoetien (3) Confirmation of coal processing 
Water-cooled tubes capacity (50 t/d, 100% load) 





Slug drain method (1) Confirmation of slag tap temperature 
maintenance by circulating gas inside 









slag tap, 
Ref (2) Confirmation of slag drain promotion 
ciractory wail of i 
h with water-cooled tubes process by means of auxiliary fuel 





























Dry coal feeding (1) Confirmation technology of coal 
+= _ 7 pressurizing and transport; 
Gasification section (2) Confirmation of equalized coal 
Lower bumers | ———_—-++ distribution technology 
Gn tame | Char recycling (1) Demonstration of char recycling 
Slag quenching section technology; 
|b. (2) Confirmation of higher gasification 
[ dmocttesus and slag forming efficiency 
for starting up | Self-coating (1) Demonstration of refractory material 
and heating up | durability through self-coating of 
dj Slag water-cooled refractory walls 
Figure 2. Gasification Furnace Gasification efficiency (1) Aioining the target gasification 
iclency, 
(2) Demonstration of operation at 
optimal oxygen/coal ratio for higher 
Test Operation of the Pilot Plant ' gasification efficiency 
1. Operation research program of the pilot plant: Process reliability (1) Demonstration of the reliability of 
The operation research program of the pilot plant entire process through 1,000-hr 


continuous operation 





extended for about three years from the end of FY 1990 to 
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es 


Table 2. Main Improvements 





Equipment 


Improvements 





Coal feed unit 





Coal transport and distribution 


(1) Establishment of techniques for coal feeding and 
distribution under high pressure through improve- 
ment of coal feed system 








Coal measuring (1) Establishment of coal feed quantity measuring 
techniques through stabilized coal feed and 
improved coal flow meter 

Gasification furnace Coal burner (1) Establishment of coal feed techniques under high 





pressure by improved coal burner structure 





Control of pressure difference between inside and out- 
side of furnace 


(1) Improved control performance through the control 
of pressure difference between the inside and out- 
side of wate cooled walls 





Technology to prevent slagging at gasification outlet 
throttle 


(1) Establi.uing of slagging prevention techniques 
through improved operation methods and throttle 
structure 





Improvement of slag tap and drain monitoring 


(1) Speedier slag drain through improved slag tap 
structure, 

(2) Establishment of monitoring methods of slag 
clotting by slag sonic analysis, etc.; 

(3) Establishment of monitoring methods of slag drain 
condition through improved image fiber 





Breaking and removal of slag 


(1) Structural improvement of slag quenching unit for 
preventing slag clogging. 

(2) Anti-dripping through improved crusher structure; 

(3) Prevention of minute slag formation and improve- 
ment of slag removal system 





Deterioration of heat conduction through adhesion of 
char on heat recovery unit 


(1) Establishment of char accumulation prevention 
methods in heat recovery unit; 

(2) Acquisition of data on the removal of sticking char 
through soot blower in heat recovery unit 





Durability of tap material and thermo-well 


(1) Higher durability through improved water cooling 
of tap material; 

(2) Higher durability through the change of thermo- 
well material 





Char recycling \ 


Establishing conditions to prevent clogging of the 
cyclone 


(1) Establishment of anti-sticking techniques through 
the control of char components and temperature at 
gasification furnace outlet; 

(2) Anti-sticking through improved cyclone structure 





Char transport 


(1) Demonstration of char transport technology 
through improved char transport conditions and 
operating methods 





Removal of alien matter in char 


(1) Establishment of transport pipe anti-clogging 
methods through removal of alien matter in char 





Improved valve durability 


(1) Higher durability through the improved sealing 
methods of ceramic valves 





Water cleaning process 


(1) Analysis and countermeasures for pH drop 
phenomenon in the water cleaning system during 
temperature and pressure raising of gasification 
furnace 





3. Future operation research program 


We plan to conduct three gasification tests using overseas 
coal in order to confirm the applicability of the technology 
to a large variety of coal types. 








The research at the pilot plant was finished for the time 
being in FY 1993, to be followed by an investigation of the 
durability of constituent materials through scrap- 
and-build research in FY 1994. 
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Nippon Brown Coal Liquefaction Co., Ltd. Moves 
Closer to the Ultimate Technology 


43070110E Tokyo JAPAN 21ST in English 1 May 94 pp 58-59 
[Text] 


1. Introduction 


The Brown Coal Liquefaction (BCL) Project has been 
promoted in accordance with a government agreement 
between Japan and Australia in November, 1980, and 
continues to aim at development of a practical process to 
“manufacture liquid fuel from Victorian brown coa!”. 
Victoria’s total brown coal resource is estimated at 202 
billion tons with 33 billion tons confirmed as readily 
recoverable reserves. Liquefaction is regarded as a very 
appropriate technology for Victorian brown coai use. It has 
been managed under the “Sunshine Project” organized by 
the Japanese Agency of Industral Science and Technology, 
Ministry of International Trade and Industry (MITI), since 
the 1981 fiscal year, and in March, 1994, all of the data 
were compiled in the final report. 


In view of national security in energy for Japan, and 
learning from the two oil crises in the 1970s, both the 
Japanese Government and private enterprises recognized 
the necessity of establishing coal liquefaction technology as 
an urgent task, and began planning its development. The 
Nippon Brown Coal Liquefaction Company, Ltd. (NBCL) 
was a part of such efforts. The KOMINIC group (Kobe 
Steel Ltd.. Mitsubishi Kasei Corp., Nissho Iwai Corp.) 
which had developed the technology to manufacture sol- 
vent refined coal from Australian brown coal, together 
with two oil refining companies (Idemitsu Kosan Co.. Ltd.. 
Cosmo Oil Co., Ltd.), comprised the parent companies of 
NBCL. 


Commissioned by the New Energy and Industnal Tech- 
nology Development Organization (NEDO). in 1981, 
NBCL started the design and construction of the pilot 
plant for the BCL process. By October, 1990, the pilot 


plant expermment had been successfully conipleted. Since 
then, all the technical data that had been gathered 
throughout the operation of the pilot plant, have been 
analyzed, and preliminary design of a demonstration plant 
and creation of a commercial plant concept have been 
carried out to bring the work of over 10 years to fruitful 
completion. 


The pilot plant with a capacity of 50t/d was wie largest 
brown coal liquefaction pilot plant in the world, and the 
project was the first large-scale international cooperation 
for research and development of coal conversion. 


The energy resources problem of fossil fuel, including coal, 
IS NOW entering a new phase, as it impacts upon the matter 
of safeguarding the global environment. 


A number of proposals have been made toward harmoni- 
zation of the energy resources problem which is expected 
to become serious in the 21st century. 


Under such circumstances, NBCL is confident that the 
fruits of the BCL Project will be able to supply many kinds 
of useful and valuable information, and thus, NBCL will 
contribute to promotion of the development of coal con- 
version technology. 


For its technical achievement, NBCL was commended by 
the Japan Institute of Energy in February 1993. 


2. Fruits of the BCL Project 


The BCL project was carried out over 13 years from 1980 
to 1993. The Consolidation Study which includes process 
optimization studies, plant scale-up and design studies and 
economic evaluations, successfully completed the estab- 
lishment of the BCL process. The details are as follows: 


1) Successful Achievement of Five R&D Targets 


In pilot plant operation, the following five targets were 
fully achieved. 
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Targets Demonstrated 

(1) Liquefied Oi! Yield up to $0 | $2 percent 
percent or more 

(2) Continuous Operation for about | 1726 hours 


1,000 hours 
(3) De-ashing to less than 1.000ppm_ 


(4) Development of Fixed Bed 
Catalyst for Secd. Hydrog=nation 


(5) New Economical Dewatering 
Process 


less than 700ppm 








one year life 


97 percent de-watering 
with one-third energy 











2) Conceptual Design of a Demonstration Plant (DP) 


For the scale-up, design requirements for larger plants 
were established from the pilot plant data, concerning 
preheaters, primary hydrogenation reactors, de-ashing set- 
tling tanks, secondary hydrogenation reactors, slurry 
pumps and letdown valves etc. Thus, the conceptual design 
of a 6,0001/d DP was prepared. 


3) Economic Evaluation of a Commercial Plant (CP) 


Using the Discount Cash Flow method. price of liquefied 
oil was calculated. In order to compare with crude petro- 
leum oil, crude oil equivalent price of liquefied oil was 
obtained. The price of liquefied o1) from improved CP in 
the year of 2011 (based on a 60 percent oil yield and 
process rationalization), is calculated as $33.4/bbl. This 
price compares favorably with the current estimate of the 
petroleum crude oil price in 2011 of $33.6/bbl. Conse- 
quently, it is expected that brown coal liquefaction will be 
commercially viable by the early 2ist century, with future 
cost reductions due to ongoing technology improvements. 


Alongside such technical achievement of great signifi- 
cance, the role of this project promoting Japanese- 
Australian friendship should be appreciated. In addition, 
through this project, the important knowhow to proceed 
with such international cooperation projects has been 
obtained. 


3. Future Improvement 


It is difficult economically to commercialize the BCL 
process at present under the circumstances of recent oil 
prices. Therefore, for commercializing coal liquefaction in 
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the future, it is necessary to continue the research and 
development of the process in order to make it more 
economical. The important objectives to develop a more 
advanced process based on the BCL process, are summa- 
rized as follows: 


1) Improving the process reliability by solving the 
problem of scale formation during long-term operation. 


2) Increasing liquefied oil yield derived from coal under 
the mild condition. 


3) Simplifying the system and configuration of the 
process, and improving its thermal efficiency. 


In order to accomplish these objectives, NBCL has estab- 
lished a new coal liquefaction laboratory (Takasago 
Research Laboratory) in the Takasago Manufacturing 
Complex of Kobe Steel Ltd. in January, 1993, with the 
financial support from NEDO. The staff totaling 40 mem- 
bers and facilities were seconded and gathered from Kobe 
Steel, Mitsubishi Kasei, Cosmo Oil, Idemitsu Kosan and 
Nissho Iwai. 


This laboratory is equipped with many kinds of experi- 
mental facilities such as autoclaves and analytical appa- 
ratus, and a 0.1t/d maf coal PDU (Process Development 
Unit). This PDU is newly modified for future develop- 
ment to achieve these new objectives. 


The research subjects for the above mentioned new objec- 
tives are as follows: 


1) Introducing pretreatment of coal, hydrothermal or 
thermal treatment in solvent prior to liquefaction, to 
suppress the scale formation and to increase coal con- 
centration in the feed slurry. 


2) Increasing liquefied oil yield from 50 percent to 60 
percent on maf coal by maximizing the effects of gas 
recycle and bottom recycle under the mild liquefaction 
condition. 


3) Increasing oil yield and decreasing the amount of 
catalyst used by developing a higher active catalyst. 


4) Improving thermal efficiency of the process by engi- 
neering studies on the most effective heat utilization 
and recovery. 
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Nippon Coal Oil Co., Ltd. Buckles Down to the 
Construction for the 150T/D Bituminous Coal 
Liquefaction Pilot Plant Symbolized the 
Researchers 
43070110F Tokyo JAPAN 21ST in English 
I May 94 pp 60-61 


[Article by Masatoshi Kobayash:, Director Genera! Manager, 
Engineering and Technical Department, Nipzon Coal Oil 
Co., Ltd.] 


[Text] 
1. Outline 


The development of bituminous coal liquefaction technology 
in Japan has progressed mainly through NEDO as a part of 
the New Sunshine Program, a national project proposed by 
the Ministry of International Trade and Industry. Nippon 


Coal Oil Co., Ltd. has been commissioned by NEDO to 
design, construct, and conduct operations research on the 150 
tons/day bituminous coal liquefaction pilot plant using the 
NEDOL process. (the NEDOL 150t/d PP) 


The company was established in October 1984 with the 
following business purposes: 


1) R&D on the production of coz! !iquefied oil. 


2) Design, construction and operation of coal liquefaction 
pilot plant. 


3) Acquisition and managemen, of technical information 
on the production of coal liquefied oil. 


Here, I'll report on the current status of construction of the 
150 tons/day bituminous coal liquefaction pilot plant. 
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Figure 1. Flow Diagram of Pilot Plant 
2. Outline vi the NEDOL 150 t/d PP the feasibility of its design, construction, and operation. 


Figure | shows a schematic flow chart of the NEDOL 150 
t/d PP. The NEDOL process consists of four main facilities: 
coal pretreatment, liquefaction, distiliation, and a solvent 
hydrogenation. After the coal material is adjusted to a fixed 
grain size, it’s adjusted to slurry with a hydrogen donor 
solvent. This is heated by a slurry preheating furnace, then 
it’s liquefied under a reaction temperature of 430 to 460°C 
and a reaction pressure of 15 to 20 MPa. The product 
material undergoes gas separation in high and low tempe:- 
ature separators. After that, in the atmospheric and vacuum 
distillation towers, the product material is separated into 
light, medium, and heavy oil, and residues. The heavy oil is 
then used for the recycle solvent. It undergoes a hydrogena- 
tion process in the solvent hydrogenation reactor and is used 
cyclically for slurry adjustment. Though no refining process 
is provided at this time for the pilot plant, the product oils 
will be refined at the upgrading process which will be 
examined in the near future. This process is characterized 
by the application of a broad range of coal rank, from 
subbituminous coz! to low rank bituminous coal, and a 
single-stage liquefaction method that combines the power of 
a hydrogen donor solvent and the liquefaction promotion 
effect of an iron-based fine powder catalyst. The separation 
process of solid and liquid uses a vacuum distillation system 
that facilitates scale-up of plants and then improves reli- 
ability and stability with easy operations. The hydrogena- 
tion operation allows simultaneous hydrogenation of the 
recycle solvent and cracking of the heavy oil. 


3. Purpose and Target of R&D on the Pilot Plant 


The primary objective for R&D relating to the pilot plant is 
to demonstrate the effectiveness of the NEDOL process and 


Another objective is to establish optimal operating condi- 
tions. A further objective is to collect data and other 
information that will be useful for a future demonstration 
plant and commercial plant. At the pilot plant, technical 
development should reach the following goals: 


(1) Coal processing capacity: 150 tons/day (dry coal basis) 
(2) Liquefied oil yields: over 54wt% (daf basis) 


(3) Slurry concentration: 40-50wt% (concentration of dry 
coal in slurry) 


(4) Quantity of catalyst added: Iron-based catalyst: 2- 
3wt% (dry coal basis) 


(5) Continuous operation time: over | ,000 hours 


(6) Coal ranks: Low rank bituminous coal, subbituminous 
coal, and low rank subbituminous coal 


4. R&D Schedule and Progress in Construction-Related 
Operations 


4.1 R&D Schedule 


Table | shows the entire schedule for the construction of 
the NEDOL 150 t/d PP. The civil construction work began 
on the premises of the Kashima Steel Works located in 
Kashima Seaside Industrial Zone, Ibaragi Prefecture, in 
October 1991. We started the foundation work and pro- 
curements on some of the equipment in 1992, and also 
started the installation of the equipment in 1993. We 
expect to complete the construction work and start test 
operations in 1996, and then continue with operations for 
the next two and a half years until 1998. 
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Table 1. Construction Schedule 





Based on current economic estimates, we predict that the 
fuel will become competitive in price with petroleum by the 
start of the 21st century, and that a commercial plant can 
then be built. Therefore, it will be necessary to design and 
construct a demonstration plant as soon as the operation of 
the pilot plant has ended. 


4.2 Progress in Construction-Related Operations 
(1) Construction 


Photo | [photo not reproduced] is the panoramic view 
showing the NEDOL 150 t/d PP under construction. After 
civil construction work was completed, we installed the 
equipment, such as coal slurry preparation facility, lique- 
faction reactors, atmospheric and vacuum distillation 
towers, solvent hydrogenation reactor and tanks in the 
1993 fiscal year. The general appearance of the pilot plant 
is becoming more and more tangible. 


(2) Procurement of equipment 


We started procurement of the liquefaction reactors, high- 
temperature separator, solvent hydrogenation reactor, and 
other equipment in the 1992 fiscal year. Reactors, vessels, 
tanks, and other equipment have already been delivered to 
the field and installed. 


(3) Procedures Regarding Safety Laws (High-Pressure Gas 
Control Laws, Fire Service Laws, and so on) 


Pursuant to safety laws and regulations, applications were 
filled for government approval prior to the start of the 
foundation work. We will need to apply for various autho- 
rizations as the construction work proceeds. 


5. Operation research 


We will schedule nine test runs during two and a half years 
until 1998, and study a long-time continuous operation 
performance of the NEDOL 150 t/d PP, the effect of 
changing liquefaction conditions on the yield of liquefied 
oil, and collect various engineering data, for example: 
hold-up of three phases of gas, liquids and solids, as well as 


the average retention time needed for scale-up to new 
plants, the performance of the slurry equipment with such 
components as the slurry heat exchanger, the slurry pre- 
heating furnace and the letdown valve and slurry pump. 
From now on, we will go forward with a detailed study of 
how to operate and maintain the pilot plant. 


Coal Energy Technology Development in Japan 
43070110G Tokyo JAPAN 21ST in English 1 May 94 p 62 


[Text] 


1. Corporate Outline 


The pilot plant for bituminous coal liquefaction based on 
the NEDOL process, with a capacity of 150 t/d, is being 
constructed on the premises of Sumitomo Metal's 
Kashima Steel Works as a project commissioned by 
NEDO (New Energy and Industrial Technology Develop- 
ment Organization). To acquire engineering data for this 
pilot plant, our company is conducting the operation 
research of a | t/d process supporting unit (PSU) at 
Kimitsu Works of Nippon Steel Corp., Chiba Prefecture, 
jointly with Mitsui SRC Development Co., Ltd. and 
Nippon Coal Oil Co., Ltd. Following is an outline of the 
operation research. 


II. Operation Research 
(1) General test runs 


Two general test runs using Taiheiyo coal were conducted 
in November 1988. The lengths of each test run were 23 
days and 25 days, respectively. Continuous operation was 
concluded successfully and the equipment performance of 
each unit was confirmed. 


(2) Operation research 


Long-time continuous operation performance of the 
NEDOL process was studied in 1989 by using Wandoan 
coal selected as the design standard coal and various 
engineering data were collected. The plant recorded con- 
tinuous and stabilized call-in operation for 1,200 hours as 
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the first coal liquefaction plant in Japan. We also con- 
firmed the possibility of attaining a yield of liquefied oil 
surpassing 50 percent, which is the design standard for the 
NEDOL process. 


Test runs were carried out in 1990 using Illinois No. 6 coal 
as a sample of low rank bituminous coal. Operation tests 
using Wyoming coal as a sample of subbituminous coal 
were conducted between 1991 and 1993 to study the effect 
of changing liquefaction conditions on the yield of lique- 
fied oil and the occurrence of operation troubles due to the 
difference of coal types. Valuable data were obtained for 
the design and operation of the pilot plant. 


Test runs have been conducted since the latter half of 1993 
using Indonesian coal as a candidate coal type for the pilot 
plant. The effect of changing liquefaction reaction condi- 
tions on the yield of liquefied oil has also been studied. 
Operation tests under the reaction temperature of 465°C, 
reaction pressure of 190 kg/cm?G, catalyst additive ratio of 
4 wt% and G/L ratio of 900 Ni/kg have confirmed the 
possibility of attaining a liquefied oil yield of about 56 


percent. 


The plant established a record for cumulative coal-slurry 
operation time of about 16,000 hours—the longest record 
for a coal liquefaction plant in Japan. 


III. Future Research Schedule 


We plan to continue supporting research for the pilot plant 
and optimization research of the NEDOL process cen- 
tering on the liquefaction characteristics of various pro- 
spective coal types in 1994 and the following years. 


Current Pressurized Fluidized Bed Combustion 
(PFBC) Boiler Development by EPDC 


430701 10H Tokyo JAPAN 21ST in English 1 May 94 
pp 63-64 


[Text] Electric Power Development Co., Ltd. (EPDC), as a 
state-subsidized company has been consistently promoting 
the development of coal utilization technology along with 
the state’s energy policy. Principal items of coal utilization 
technology developed so far include flue gas treatment 
(desulfurization, denitrification, dust removal, etc.), coal 
handling (slurry, dehydration, prevention of spontaneous 
combustion) technology related to ultra super critical steam 
condition (USC) and fluidized bed combustion (FBC). 


As for FBC technology, since 1987 we have been con- 
ducting the demonstration test of atmospheric FBC 
(AFBC) with an electric output of SOMW using an ultra 
super critical steam condition-turbine (USC-T) at the 
Wakamatsu Coal Utilization Research Center of our com- 
pany. Furthermore, construction is presently underway to 
convert EPDC’s Takehara No. 2 heavy oil boiler (output: 
350-MWe) to the AFBC boiler. 


This article presents the recent progress of the demonstra- 
tion test of the pressurized fluidized bed combustion 
(PFBC) power generation conducted as a state- 
commissioned project at Wakamatsu. 


1. History of Development 


The development of PFBC technology started with the 
survey and study on the progress of similar technology 
abroad in a period from 1986 to 1989. 


The report mentioned the size of the test equipment and 
the drawing up of the development schedule. Various types 
of FBC methods (atmospheric, pressurized, bubbling, cir- 
culating) were compared in a project subsidized by the 
state and the significance and schedule were reconfirmed 
for - construction of a 350MW bubbling type AFBC and 
PFBC. 


The expectation for the introduction of PFBC to replace 
conventional thermal power generation rose steadily, 
along with the growth of electric power consumption in 
Japan which proceeded at a much higher pace than pre- 
vious estimate, the progress of PFBC development abroad 
and the necessity of high efficiency power generation to 
counter the global warming. The development in Japan is 
being accelerated at present including the inducting of 
technology from abroad. 


2. Principal Tasks and Development Targets for the 
Introduction of PFBC 


Following are the general characteristics of PFBC: 


(1) High efficiency: Improved combustion efficiency 
through high pressure and high piling; 


Further improvement of thermal efficiency through the 
combined cycle; 


Improvement of premises power consumption through 
reduced blower _ ower; 
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(2) Good environment compatibility: Higher desulfu- 
rization efficiency through higher pressure and 
high piling; 

(3) High cost performance: Improved power generation 
cost through smaller construction cost and improved 
efficiency; 


(4) Compactness: Smaller plant area through the absence 
of desulfurization equipment and smaller boiler size. 


Although PFBC has the various above-mentioned good 
features, several development tasks as enumerated below 
must be taken into account when introducing it in Japan’s 
peculiar circumstances: 


—Higher efficiency: 


Still higher efficiency is demanded in Japan with its 
scanty natural resources. This demand is enhanced 
further by the need to reduce the emission of global 
warming substances. 


—Good environment compatibility: 


Better environment compatibility together with good 
cost performance is sought in all phases of the power 
plant operation under the stringent environment control 
regulations. 


3. Demonstration and Evaluation Test of PFBC 
Combined Cycle Power Generation in Wakamatsu 


In view of the above-mentioned tasks, the demonstration 
and evaluation test of PFBC combined cycle power gener- 
ation in Wakamatsu has set the following targets: 


—Pursuance of higher efficiency: 


Adoption of the ultra super critical steam condition 
(USC); 


Adoption of the re-heating cycle in the steam turbine 
cycle. 
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—Good environment characteristics: 
Adoption of the high-temperature ceramic filter; 
Installation of the de NO, unit. 


The setting of USC and the introduction of the re-heating 
cycle were possible with the existing USC turbine. The 
temperatures of both the main steam and the re-heated 
steam were set at 593°C. 


A one-stage cyclone plus high-temperature ceramic filter 
are adopted for dust removal. This arrangement dispenses 
with the installation of the dust collector on the down- 
stream side of the gas turbine flow and contributes to the 
compactness of the plant. The efficiency is enhanced 
further by reducing the pressure loss by one-half compared 
with the double cyclone. 


Following are the main specifications and the construction 
schedule of the plant. The transport of the PFBC boiler 
and a bird’s-eye view of the ceramic filter are shown in the 
photos. 























(Summary of the Plant) 
Output: 
Steam turbine 56.2MW 
Gas turbine 14.83MW 
Total output 71.0MW 
Steam temperature: 593°C (both main steam and re-heated 
steam) 
Steam pressure: 102kg/cm2g 





(Development Schedule) 











April 1992: Start of initial construction 
July 1993: Firing 
Oct. 1993: Start of power generation 





After Oct. 1994: 





Full-scale testing 
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Photo 2. Transport of the PFBC Pressure Vessel into 
Photo 1. Plant Layout the Wakamatsu Station 














Photo 3. A Model of the Ceramic Filter 
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Figure 1. PFBC Power Generation System (A Schematic Diagram) 





Conclusion 


Although Japan has a fairly long history in the development of FBC, many areas are still unknown in PFBC and are 
awaiting future investigation. Furthermore, the topping cycle system combining PFBC with gasification is regarded as 
promising for the attainment of higher efficiency and environment friendliness. Future technological development is 
awaited in this area. 
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